Introduction {#s1}
============

Vestibular schwannomas (VSs) are also known as acoustic neuromas. It can be considered a misnomer since acoustic neuromas are neither acoustic in origin nor neuromas. These are basically benign tumors of vestibular division of eighth cranial nerve and arise from Schwann cells lining the vestibular branch of the latter. It is characterized by slow growth but it may be locally destructive causing erosion of the internal auditory canal (IAC) or compression of the fifth and seventh cranial nerves. Less often, the ninth and 10th cranial nerves alone or in various combinations might be involved \[[@R01], [@R02]\]. Vestibulocochlear nerve neoplasms account for approximately 90% of all conditions affecting the cerebellopontine angle. The incidence in Denmark has been found in an increasing trend with 7.8 to 12.4 cases/million/year all possibly due to better diagnostic modalities. However, the first observation of acoustic nerve tumor was made during an autopsy in 1777 by Eduard Sandifort, Professor of Anatomy at Leiden University. The etiology of VS is unknown. The growth of the tumor is variable. The percentage of growing tumors has been reported to vary from 30-90% which might determine the therapeutic approach \[[@R03]\]. Sometimes its resultant effects are stagnation or shrinkage. However, progressive growth in the cerebellopontine angle and large tumors might lead to compression of the brainstem or cerebellum leading to occlusion of the fourth ventricle and subsequent incarceration and hydrocephalus \[[@R02]\]. Hearing loss (HL) is the most common symptom associated with tinnitus and vertigo. Computed tomography (CT) and magnetic resonance imaging (MRI) have become more affordable and are now considered to be the diagnostic method of choice in patients suspected of having VS \[[@R04], [@R05]\]. Surgery is the treatment of choice with various approaches. Retrosigmoid approach is routinely practiced at our center. Some authors have suggested "wait and watch" policy for small tumors and in the elderly \[[@R06]\]. There are very few studies done in our part of the world \[[@R07], [@R08]\]. The aim of our study was to evaluate the clinical presentation and management and the perioperative outcomes of the surgery. With this study, we believe that it might add up to the literature on VS management in our context.

Materials and Methods {#s2}
=====================

The study was a retrospective observational study with ethical clearance. It was conducted in compliance with the ethical standards of the responsible institution on human subjects as well as with the Helsinki Declaration. We included all the patients who had been diagnosed with Vestibular Schwanomma between January 2014 and January 2017 and were managed by a combined team of surgeons that included a team of Otorhinolaryngologists, head and neck surgeons and Neurosurgeons at National Academy of Medical Sciences, Bir Hospital, Kathmandu,Nepal. A careful retrospective review of datasheet was done. The patients were subjected to clinical history and physical examination along with the following tests at our center: pure tone audiometry, and MRI of the head with gadolinium scan. Definitive diagnosis was made on the basis of clinical presentation and findings in MRI gadolinium scan. Demographic and geographical classification of the patients was done along with additional details like chief complaint, laterality of the tumor, duration, tumor size, other signs and symptoms (HL, vertigo or dizziness, tinnitus, facial paresthesis, intracranial symptoms). Duration of the identifiable clinical symptoms was categorized as 5 - 10 years, 10 - 15 years, 15 - 20 years, and more than 20 years. Audiometric findings were classified after performing pure tone audiometry for the frequencies 250, 500, 1,000, 2,000, 4,000 and 6,000 Hz: profound HL: \> 90 dB HL, severe HL: \> 70 dB HL, moderate HL: 51 - 70 dB HL, mild HL: 26 - 50 dB HL, and normal HL: \< 25 dB HL.

Tumor size was classified into five grades based on MRI findings \[[@R9]\] followed by standard surgical procedures. Preservation of hearing was emphasized in all patients who had a serviceable hearing, which has been defined as grade A or B by the American Academy of Otolaryngology-Head and Neck Surgery Committee on Hearing and Equilibrium seven guidelines: pure tone threshold less than 50 dB and speech discrimination score greater than 50%. Tumor size was measured according to the New and Modified Reporting Systems from the Consensus Meeting on Systems for Reporting Results in Vestibular Schwannoma classification of five grades \[[@R10]\]: grade 1, tumor size 1 - 10 mm; grade 2, tumor size 11 - 20 mm; grade 3, tumor size 21 - 30 mm; grade 4, tumor size 31 - 40 mm; grade 5, \> 40 mm. Intraoperative findings were recorded. Postoperative complications were analyzed as immediate (days) and delayed (months). Facial nerve function was evaluated using the House-Brackmann grading system, during the immediate postoperative period and 3-month, 6-month and 12-month follow-up. Other symptoms like headache, vertigo, unsteadiness, and hearing status were also analyzed during follow-up. All of the continuous variables were calculated as mean and standard deviation (SD) which were compared with independent *t*-test or Mann-Whitney test according to the type of distribution. For categorical value, Chi-square test or Fisher's exact test was used as feasible. Statistical software SPSS version 25.0 (Statistical Package for the Social Sciences) was used for statistical analysis. P value \< 0.05 was considered statistically significant.

Results {#s3}
=======

A cohort of 30 patients, summarized in the study, had been followed retrospectively between January 2014 and January 2017 for a median follow-up of 12 months. Three (9%) were lost to follow-up and were excluded. The duration of disease was found to be 5 - 10 years in 9/33 (27%) patients, 10 - 15 years in 21/33 (63%), and 15 - 20 years in 3/33 (9%). There was a slight female preponderance 1.2:1 (18:15). Age distribution was: 3 (9%) of 21 - 30 years; 5 (15%) of 31 - 40 years; 18 (54%) of 41 - 50 years; and 7 (21%) of 51 - 60 years. The mean age was 46 ± 3 years. Laterality of tumor was determined based on CT/MRI and was found more in the right side in 16/33 (48%), left side in 14/33 (43%) and the central in 3/33 (9%) patients. Clinical presentation included symptoms like gradual HL in 24/33 (72%) patients, tinnitus in 17/33 (51%), dizziness in 7/33 (21%), facial nerve paresthesia in 3/33 (9%) and sudden SNHL in 4/33 (12%) ([Fig. 1](#F1){ref-type="fig"}).

![Chart showing the frequency of presentation of symptoms.](wjon-10-118-g001){#F1}

The median tumor size was graded according to the size and extension in MRI findings which was found out to be: grade 3, 15% (20 - 30 mm within the CPA); grade 4, 22% (30 - 40 mm within the CPA); and grade 5, 63% (\> 40 mm) ([Table 1](#T1){ref-type="table"}).

###### Table Showing % of the Grade of the Tumor

  ------------------------- ---------------------- ---------------------- --------------------
  Size/grade of the tumor   20 - 30 mm (grade 3)   30 - 40 mm (grade 4)   \> 40 mm (grade 5)
  Percentage                15%                    22%                    63%
  ------------------------- ---------------------- ---------------------- --------------------

Preoperative HL was categorized as normal (\< 25), mild (26 - 50 dB), moderate (51 - 70 dB), severe (\> 70), and profound (\> 90). Follow-up audiometric results were available in 30 out of the 33 patients who continued with follow-up. Postoperative hearing status of the patients did not show any significant change (\<% 5 dB change) in 93% (28/30 patients, five of the normal pure tone audiogram (PTA) preoperatively included) while two from the patients with HL preoperatively (8%, 2/25) had deterioration of HL by \> 10 dB in 6-month follow-up. The status remained unchanged in 12 months follow-up. The percentage distribution of mean has been shown in [Table 2](#T2){ref-type="table"}.

###### Table Showing % of Mean PTA in Patients

  PTA                           Normal       Mild     Moderate     Severe       Profound
  ----------------------------- ------------ -------- ------------ ------------ -------------
  Preoperative                  4/30 (13%)   1 (3%)   3/30 (10%)   9/30 (30%)   10/24 (33%)
  Postoperative (6-month F/U)   4/30 (13%)   1 (3%)   2/30 (7%)    8/30 (27%)   12/30 (40%)

PTA: pure tone audiogram; F/U: follow-up.

The surgical approach that was followed was retrosigmoid approach. All the patients underwent the surgery via the same approach given the size of the tumor at the time of presentation where all the cases were grade 3 or above and hearing preservation and facial nerve preservation were one of the goals. Also, it was the most employed approach in our center. Postoperatively, the patient was kept in intraveous (IV) antibiotics with regular dressing and discharged after 1 week. In the immediate postoperative period, facial nerve palsy, grade 6, was seen in 7% (2/30) patients who were managed with rehabilitation. Sixteen out of 30 (53%) patients and 12/30 (40%) patients had grade 2 and grade 3 facial palsy graded according to House-Brackman grading system \[[@R11]\]. However the latter resolved spontaneously in the subsequent follow-up. Likewise, lower cranial nerve palsies were found in 3/30 (10%) patients, hydrocephalus in 4/30 (13%), and pseudomeningocele in 2/30 (7%). Nevertheless, none required surgical intervention and were managed conservatively. We were fortunate enough to have no incidence of infection and mortality. The complications of the patients had been documented in [Table 3](#T3){ref-type="table"}. Similarly, improvement of tinnitus was seen in 20% of patients, worsening in 7%, postoperatively. Dizziness was persistent in 3/7 patients with preoperative dizziness and was kept under regular follow-up. The symptoms were better on subsequent follow-up.

###### Postoperative Complications

  Complications                   Percentage
  ------------------------------- -------------
  Facial nerve palsy              
    Grade 2                       16/30 (53%)
    Grade 3                       12/30 (40%)
    Grade 6                       2/30 (7%)
  Hearing deterioration \>10 dB   2/30 (7%)
  Pseudomeningocele               2/30 (7%)
  Hydrocephalus                   4/30 (13%)
  Lower cranial nerve palsy       3/30 (10%)
  Infection                       0
  Mortality                       0

The overall result of the study revealed a better surgical outcome.

Discussion {#s4}
==========

Vestibular schwanommas are important clinicopathological entities for the last 200 years. The study of the tumor and its management has been an important concern for both neurosurgeons and otolaryngologists. It is because of the number of studies that have been conducted in different parts of the world and have widened the area of knowledge. The patients usually present to both otolaryngologist and neurologist with subtle symptoms which might go undiagnosed. Sometimes the dilemma of whether to go for a more expensive diagnostic modality is usually a problem in an underdeveloped country like ours on the basis of presumptive diagnosis. And given the benign and slow-growing nature of the tumor, it is always a dilemma even after the diagnosis is made whether or not to proceed with surgery or proceed with "wait and watch" policy or other modalities like radiosurgery. Though many still believe that "wait and watch" policy is more suitable for patients where tumor size is relatively smaller and more especially in an elderly patient, there are studies that have stated that long-term expectant management might result in poor perioperative outcomes. Thus, it is of immense value to study the growth patterns of VS which may help in the understanding of the natural history, the clinical applicability of the growth studies in the management of the disease \[[@R03], [@R06]\].

When we look upon the literature, the studies are more from the western world. The reason behind this might be a lack of disease awareness of the patients and the access to health facilities in the context of developing countries. Our study, however, includes patients who were able to reach to our center despite all the odds. This study especially focuses on the patients with a diagnosis of VS and the demographic distribution, the otological symptoms, and the surgical outcomes. Mean age of our patients was 46 ± 3 similar to other studies mentioned in the literature \[[@R07]\]. Most of the patients who were diagnosed had the history for 10 - 15 years (63.3%), and the mean duration of symptoms was 11.9 years. The long duration of the presentation was possibly due to poor access to health care facilities, and poor referral systems as discussed above. Besides these, poor economic conditions and difficult geographical situations are also important factors in our context similarly reported by Awan et al \[[@R07]\]. The disease was also more lateralized to the right side (48%). The average preoperative PTA was found to be 78.9 ± 18 SD of the mean. The main symptom is HL, often associated with tinnitus. Other signs and symptoms may also be present, such as vertigo, dizziness, headache, hypoesthesia, and palsies. In our patients, we found HL as the most common symptom followed by tinnitus and dizziness comparable to other studies. However, the clinical presentation has not always been found to be proportional to tumor size according to some studies \[[@R12]-[@R15]\].

In the past, the diagnosis of VS was challenging and expensive but with the newly improved modalities of diagnosis like auditory brainstem response tests, imaging systems such as contrast-enhanced CT and MRI with gadolinium diethylenetriamine pentaacetic acid (DTPA), diagnosis has become easier, leading to increasing numbers of detection of even smaller and less symptomatic VS \[[@R05], [@R16]\]. In our case diagnosis was done based upon clinical findings and MRI gadolinium scan. The treatment of VS depends upon various factors like the size of the tumor, its position, surgeon's preference and expertise, and the hearing status on the affected side. The standard treatment for VS is surgical excision. There are many approaches like: translabyrinthine approach, tumor exposure is gained by drilling the mastoid and vestibular system; posterior cranial fossa approach which includes the suboccipital and retrosigmoid approaches; the middle cranial fossa approach, which provides a good opportunity for hearing preservation; combined approach observation with neuro-radiological follow-up, microsurgical resection, and stereotactic radiotherapy are other alternatives preferred in situation were surgery is deemed not possible \[[@R17]\]. As stated above, various studies have suggested that the choice of surgery is influenced by tumor size. Hearing preservation and facial nerve function are considered as realistic goals while in large sized tumors it might be a difficult choice and thus surgical approach is usually not influenced by the choice of hearing preservation \[[@R18], [@R19]\]. In our case, we used retrosigmoid approach in all of the cases since most of the cases presenting to us were grade 3 tumors (2 cm) and above, and also it is the routinely applied approach at our center. Despite all, there are some studies done in different parts of the world that have suggested that small tumors without any signs and symptoms and tumors in the elderly can be managed conservatively \[[@R20], [@R02]\]. There was no intraoperative problem. Tumor resection was complete in 94% and partial in 6% of cases. Similarly, our study did not find any significant relation between outcome and size, age, gender or laterality of the tumor (P \> 0.05). The findings were comparable to other studies \[[@R22]-[@R24]\].

All of our patients had facial nerve paralysis postoperatively out of which 93% resolved completely on subsequent follow-up. The findings were comparable to studies by Yamakami et al (84%) \[[@R25]\] and Patni and Kartush (95%) \[[@R26]\]. Similarly, in a study by Lanman et al \[[@R27]\], they had reported 21% lower cranial nerve palsies which were slightly greater than our results (10%). The incidence of hydrocephalus was found in 4/30 (13%), and pseudomeningocele in 2/30 (7%). The findings were comparable to a study done by Shrestha et al, where they had reported the incidence of hydrocephalus in 14% and pseudomeningocele in 16% of their patients \[[@R08]\]. In our cases, however, none required surgical intervention and were managed conservatively. Meanwhile in the previous study by Shrestha et al 14% of patients underwent ventriculoperitoneal shunting for hydrocephalus. We had no incidence of infection and mortality which is seemingly a better outcome as compared to 3.5% patients in the study reported by Shrestha et al \[[@R08]\].

However, for every study, there are certain limitations. The main limitation of our study was that it was a retrospective study. Also, it was a single institution-based study and follow-up of the cases was short (12 months). Another important limitation was the limited number of patients enrolled in the study which might have been due to poor referral systems. So we believe the number of patients that presented to our center is just the tip of the iceberg. Thus more awareness and access to the equipped health centers might be helpful in the diagnosis and management of more cases in the future. We also acknowledge the fact that we were unable to compare the outcome of retrosigmoid approach with different other approaches. Therefore, for the proper validation of our research finding, we recommend further well-designed prospective studies with a larger sample size in the setting of a developing country like ours.

Conclusions {#s4a}
-----------

The benign and slow-growing nature of VS usually poses problems for the early diagnosis and treatment of the disease. Adding to it are the subtle symptoms that make it difficult for the surgeon to decide the diagnostic modality especially in the context of a developing country like Nepal. And the delay in diagnosis might be due to one of the reasons above. There are very few studies so far done in the country regarding the incidence and management of the disease. Thus, this study might be helpful in providing insight into the occurrence of the disease in the present scenario and the need for much more studies in the future. It also gives a brief idea about the outcomes of management in our context.
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